Proteomics techniques were used to study the molecular mechanisms involved in the defense of tomato against late blight (Phytophthora infestans).
Introduction
The oomycete Phytophthora infestans (Mont.) De Bary, the etiological agent of late blight is one of the most destructive pathogens of tomato (Solanum lycopersicum L.), which is responsible for the economic losses of tomato crops [1] .
Despite its importance, most of the tomato cultivars available in the market are susceptible to late blight, and the disease management is carried out mainly through fungicide application [2] , which is an onerous practice that can cause further damage to the environment and contribute to the selection of resistant isolates [3] .
As an alternative, the development and use of genetically resistant cultivars represent satisfactory strategies from the social, economic, and environmental point of view for the control of late blight [4] . In this context, the transfer of resistance genes listed under tomato accesses in Gene Banks appears to be a suitable alternative, especially for the same species that are to be improved, since it facilitates crosses for gene transfer [5] and faster recovery of the desired agronomic characteristics [6] .
The access BGH-2127 conserved in the Gene Bank of the Federal University of Vicosa, Brazil used in this study belonged to the cultivated species Solanum lycopersicum and was highlighted for its resistant to late blight [7] . The differential characteristic of this species genotype enables its potential use in breeding programs to avoid the occurrence of common issues due to genetic drag when wild parents are crossed.
Plants have mechanisms of highly efficient defenses, such as induced response triggered by the perception of the phytopathogenic agent [8] . This mechanism of defense includes hypersensitivity response and the production of reactive oxygen species, phytoalexins, and pathogenesis-related proteins (PR) [9] . The PR are classified into 17 families according to their properties and mechanisms of action, which include the families PR-5 (thaumatin-like family) that possess activity against the attack of oomycetes and PR-9 (peroxidases), which are important in initiating rapid responses against the attack of pathogens [10] .
Thus, studies that allow for the better understanding of the molecular basis of tomato interaction versus late blight are necessary. Genes and proteins related to plant defense during the infection process have been identified through molecular biology strategies [11] [12] [13] . In this context, the methodology of proteomic analysis becomes a viable alternative, providing information and tools for the better understanding of the plant-pathogen relationship and for obtaining resistant cultivars. Proteomics offers the possibility of simultaneously studying the set of proteins present in a biological unit, its abundance, genotype-dependent variations, response to environmental changes, post-translational modifications, or interactions with other molecular entities [14] . In tomato culture, proteomic analysis has been successfully applied to identify proteins in different pathosystems [15] [16] [17] .
Thus, the objective of this study was to identify proteins related to resistance B. S. Laurindo 
Material and Methods

Plant Genetic Resources and Experiments
The experiment was conducted at the Federal University of Viçosa (UFV) in Viçosa, Minas Gerais, Brazil (20˚45'14''S, 42˚52'53''W, 648.74 m). The resistant genotype BGH-2127 access [7] , conserved in the Gene Bank of Federal University of Viçosa, Minas Gerais State, Brazil, and susceptible cultivar Santa Clara [5] , both belonging to the S. lycopersicum species, were evaluated. The plants were grown in a greenhouse in a completely randomized design with three replicates per genotype. Each replicate consisted of one set of three plants. Each plant was grown in one vessel of 10-L volume for soil.
Pathogen Inoculation and Sample Collection for Molecular Analyses
The collection, preparation, and inoculation of isolates of P. infestans was performed according to a methodology proposed elsewhere [5] . After 45 days of transplanting, the plants were inoculated with a mixture of sporangia from P. infestans isolates, which are pathogenic to tomato, collected in fields of production of tomato from different cities of Minas Gerais State, Brazil, including Cajuri, Coimbra, Ervália and Viçosa. For inoculum multiplication, infected leaflets were kept in plastic trays previously lined with paper towels moistened in distilled water and kept at 18˚C for 48 h. Subsequently, a sporangium suspension was prepared for each isolate, and the hemacytometer concentration was adjusted to 1 × 10 3 mL −1 of sporangia. The inoculation was performed by spraying 10-mL of suspension per plant by using the manual costal spray. A day after the inoculation, in order to guarantee high humidity to the environment, the plants were irrigated by micro-sprinkler.
Leaf sampling times were established based on the search for rapid plant responses and the time required for the pathogen to penetrate and colonize the plant tissues [18] . After the inoculation of each plant, the leaves were collected at every 0, 2, and 48 h; the leaves of uninoculated (control) genotype were also collected at the same time. Time 0 (zero) corresponds to the collection of leaves immediately after inoculation. Soon after the collections, the leaves were frozen under liquid nitrogen (at −80˚C) until requirement for the preparation of plant extracts for molecular analysis.
Proteomic Analysis
Extraction and Quantification of Proteins
The extraction procedure was followed as described in a previous study [19] , albeit with some modifications. Briefly, tomato leaves (5 g) of each genotype were individually grounded in liquid nitrogen using mortar and pestle. The obtained After stirring for 2 h at 4˚C, the material was centrifuged at 20,100 ×g for 30 min at 4˚C. The supernatant was reserved (supernatant 1). The extraction buffer was added to the precipitate again in the ratio 1:4 (sample:solution, w:v). After 1 h and 15 min of stirring at 4˚C, the material was re-centrifuged at 20,100 ×g for 30 min at 4˚C. The obtained supernatant was recovered (supernatant 2) and mixed with the previously reserved (supernatant 1) to form a soluble protein extract.
The solution was then left to precipitate overnight at −20˚C with the addition of 10% trichloroacetic acid in ice-cold acetone and 1 mM DTT in a ratio of 1:1.5
(sample:solution, v:v). Each sample was then centrifuged at 20,100 ×g for 30 min at 4˚C and the supernatant was discarded. The precipitate was washed four times with ice-cold acetone and once with 80% (v/v) ethanol and 1 mM DTT, followed by drying at the room temperature in a SpeedVac system (Savant SpeedVac, Thermo Scientific, USA).
The obtained protein pellet was solubilized in 600 μL of solubilization buf-
propanesulfonate (CHAPS), and 0.3% DTT), with the help of a bath sonicator.
The supernatant was removed and quantified by the method given elsewhere [20] using bovine serum albumin (BSA) as the standard protein.
Two-Dimensional Electrophoresis (2-DE)
The isoelectric focusing (IEF) of the proteins was performed using a 24-cm strip containing an immobilized pH gradient (IPG) ranging from 3 to 10 on an EttanIPGphor 3 equipment [21] . A sample containing 1200 μg of protein was added to the rehydration buffer consisting of 40 mM DTT, IPG buffer (pH3-10, and DeStreak commercial reagent [21] in a total volume of 450 μL. The strips were focused under a controlled temperature of 20˚C, according to the following steps: 1) 200 V.h single step for 2 h; 2) 500 V.h in a single step of 500 volts; 3) 800 V.h in a gradient up to 1000 volts; 4) 16,500 V.h in a gradient up to 10,000 volts; and 5) 27,500 V.h in a single step of 10,000 volts. The maximum amperage was 50 μA per strip. After focusing, the tapes were immediately stored at −80˚C until use for second-degree mass separation. 
Acquisition and Analysis of 2-DE Gel Images
The gels were scanned by using the Image Scanner III [21] . The images were analyzed with Image Master 2D Platinum 7.0 software [20] . With the help of this software, the volume (area × intensity) of each spot present in the gel was obtained, which is proportional to the abundance of the protein in the different conditions. The software also made it possible to identify the corresponding spots in the different conditions (match), allowing a comparison between them.
The expression values were considered significant according to the analysis of variance (ANOVA) at p < 0.05. Proteins in which the abundance ranged at least 1.5 times were considered to be differentially abundant.
Sample Trypsinization
Trypsinization was performed according to the method described earlier [23] , with the following modifications. Initially, differentially abundant spots were removed from the gels. For dye removal, pieces of gel containing the proteins were transferred to 500 μL tubes containing 50% acetonitrile solution in 25 mM The gel pieces were sonicated for 10 min, shaken at 1500 g for 2 min under ambient temperature, and the solution was placed into fresh tubes. To the remaining pieces of gel, 40 μL of the solution of 5% formic acid in 50% (v/v) acetonitrile was added in two sequential steps to recover the largest amount of tryptic fragments. They were agitated again at 1500 g for 2 min under ambient temperature and the solution was removed and added to the new tube.
After these steps, the entire solution was completely evaporated in the Speed
Vac and the tryptic peptides were re-suspended in 2.5 μL of 0.1% trifluoroacetic acid (TFA) solution. All samples were submitted to desalination on a C18 hydrophobicity column (ZipTip-Eppendorf), according to the recommendations of the manufacturer.
Mass Spectrometry and Protein Identification
Protein identification was performed using the MALDI-TOF/TOF Ultraflex III Proteins identified as "Uncharacterized" by MASCOT were processed by the BLAST algorithm [24] . Through this algorithm, it was possible to identify the proteins present in the database deposited in the Phytozome, whose sequences showed a higher level of identity with the sequences of the "Uncharacterized"
proteins.
The result obtained by MASCOT was validated by the SCAFFOLD application version 3.6.4 (Proteome Software Inc., Portland, OR). For validation of the identified peptides, the Peptide Prophet Algorithm was applied [25] and the Protein Prophet Algorithm [26] was used as the acceptance criterion parameters were adopted with a minimum of 90% probability of identification for both peptides 
Bioinformatics Analysis
The identified proteins were functionally categorized using the Mapman program [27] .
Once the differentially abundant proteins for BGH-2127 and Santa Clara genotypes were listed, the construction of a protein-protein interaction network was performed using the STRING v software version 10.0 [28] .
Analysis of the Relative Expression of Proteins by Real-Time PCR
The plant leaf samples were macerated in liquid nitrogen and total RNA was ex- For reverse transcription, 500 ng of DNase-treated RNA was used in the reaction and 1 μL of oligodT (stock at 500 μg/mL) was added.
The RNA was denatured at 70˚C for 5 min (followed by incubation on ice for 5'-TCACCAGAGTCCAACACAATAC-3') [29] was used as an endogenous control for the normalization of qRT-PCR. For the quantification of gene expression, the REST software was used (https://www.qiagen.com/) [30] . Statistical differences are significant when p < 0.05 was calculated by comparing the cycle thresholds of the target gene with that of the housekeeping gene.
Results
Analysis of the Protein Profile in Response to Late Blight Inoculation
The two-dimensional gel proteomic analysis of tomato genotypes BGH-2127
and Santa Clara after 0, 2, and 48 h of inoculation with P. infestans, a total of 311 spots were detected, 94 of which were considered to be differentially (p < 0.05).
From this result, 56 spots were identified by mass spectrometry, of which 17
were associated to Santa Clara cultivar (Figure 1(a) ) and 39 to BGH 2127
( Figure 1(b) ). Only 6 differentially abundant spots (19, 28, 122, 132, 188 , and 303) were common to the two genotypes, evidencing that different mechanisms are used by these genotypes against late blight.
The 17 proteins identified from the Santa Clara genotype were categorized into five functional groups, 23% were related to metabolism and energy (4 proteins), 47% to photosynthesis (8 proteins), 18% to stress and defense (3 proteins), 6% to transcription (1 protein) and 6% to non-characterized group (1 protein). Of these, 8 genotypes were down-regulated and 9 were upregulated (Table 1 ). An increase in the relative abundance of proteins involved in the stress and defense process and for uncharacterized protein were observed. Proteins related to metabolism and energy as well as those related to photosynthesis showed changes in their balanced abundance levels. For protein related to transcription, a reduction in the relative abundance was observed ( Figure 2 ).
A total of six functional groups of proteins related to BGH-2127 genotype were formed, 15% of which were associated with energy and metabolism (6 proteins), 46% to photosynthesis (18 proteins), 23% to stress and defense (8 proteins), 8% to transcription (3 proteins), 3% to other proteins (1 protein), and 5%
to non-characterized groups (2 proteins). Among the 39 proteins identified B. S. Laurindo et al. genotype, 15 were downregulated and 24 were upregulated ( Table 2) . After inoculation, an increase was noted in the relative abundance of most proteins involved in energy and metabolism processes, photosynthesis, stress, and defense, in addition to uncharacterized proteins. Most proteins related to transcription and even other proteins had reduced relative abundance (Figure 3 ).
Several proteins were identified in more than one spot on the same gel. The 17 spots identified in the Santa Clara genotype corresponded to 14 proteins (Table   1) , while 39 spots being related to BGH-2127, which corresponds to 25 proteins (Table 2) . Three spots were identified as different forms of the protein fructose bisphosphate aldolase (90, 94, and 96) in Santa Clara (Table 1) . Two spots associated to the BGH-2127 genotype were identified as ATP synthase alpha subunit (122 and 125), three as ATP synthase beta subunit (24, 129, and 132), four as subunit II of the reaction center of photosystem I (37, 140, 268, and 271), two as proteins involved in oxygen enrichment 1 (185 and 188), and two as proteins involved in oxygen enrichment 2 (43 and 47) ( Table 2 ).
An important point observed from among the results was that the same protein represented by different spots had opposite levels of abundance. This was observed in spots 37, 140, 268, and 271, identified as subunit II of the reaction center of photosystem I for BGH-2127. Spots 37 and 268 were upregulated, while 271 was downregulated. It should be noted that spot 140, differentially abundant in the three times evaluated, was upregulated at 0 and 48 h of inoculation and downregulated at 2 h of inoculation (Table 2) .
Correlation between mRNA and Abundance of Proteins
The gene transcription levels (mRNA) encoding the 2-Cys peroxiredoxin BAS1 (spot 44) and thaumatin-like (spot 45) proteins evaluated for BGH-2127 did not 
Analysis of Protein-Protein Interaction Networks
The observed interactions among proteins identified to be associated with Santa Clara genotype occurred among those related to the photosynthetic process as well as between the metabolic and energy proteins. 
Discussion
Phytophthora infestans etiological agent of tomato late blight was classified from the scientific and economic point of view as the most relevant species among oomycetes that attack plants [31] . Despite the knowledge of the importance of this disease, resistant tomato cultivars are not available in the market, which reflects the difficulty of working with this pathogen in breeding programs [5] . Resistance source to the blight was identified in wild tomato species [32] , however, when these genotypes were used in breeding programs, problems common to genetic trawling occur, because QTL's related to resistance against re-blight affect the characteristic morphoagronomics of interest [33] . An alternative to reverse this problem is to use resistance sources belonging to the same species that needs to be improved (S. lycopersicum), such as BGH-2127 access [7] . The differential characteristic of this genotype will provide faster recovery of the desired agronomic characteristics. The proteins identified were classified into different functional groups, confirming that the resistance of plants to pathogens results from several physiological factors and/or biochemical mechanisms [34] . For both the genotypes, the groups of functional classifications were practically the same, being related to the processes of energy and metabolism, photosynthesis, stress and defense, transcription, and uncharacterized features. The exception was the group of other proteins related to BGH-2127 access. However, only six differentially abundant proteins were found to be common to both the genotypes. Among these proteins, Ferredoxin-1 and ATP synthase alpha subunit were downregulated and ATP synthase beta subunit and protein involved in oxygen enrichment 2 were upregulated, whereas the IV subunit of the reaction center of photosystem I and 
Proteomic Responses of Contrasting Genotypes in the Resistance to the Late Blight
Proteins Are Related to Energy and Metabolism
In plants, many proteins are involved in the metabolic and energetic pathways, as they are considered important in response to infection [37] , because they mobilize high metabolic costs to overcome pathogen attack [38] . Significant variations in the energy-related proteins and metabolism between the two treatments (inoculated and control not inoculated with P. infestans were evident. Differences in the regulation of proteins of this functional group can contribute to resistance to the re-chemistry of BGH-2127 in comparison with that of Santa Clara B. S. Laurindo et al.
genotype. Approximately 67% of the proteins involved in this process for BGH-2127 had increased relative abundance level after inoculation, whereas, for Santa Clara, only half of these proteins showed an increase in the level. The increase in energy-related protein abundance and metabolism in infected plants may be justified by the fact that these plants have a higher energy demand to overcome the pathogen attack, which usually occurs by increased respiration [39] .
Among the proteins that showed increased levels of abundance after inoculation with the pathogen for BGH-2127, it is highlighted that they form a part of the ATP synthase complex, which consists of several subunits and use the transmembrane proton gradient for cellular ATP biosynthesis [40] . Considering plant resistance to pathogens, cellular ATP plays an important role as a signaling molecule in response to stress, including those caused by pathogens [41] .
Triphosphate isomerase is a key glycolytic pathway protein that catalyzes the interconversion between glyceraldehyde-3-phosphate and dihydroxyacetone phosphate. This protein has often been identified as a potential target of both glutathionylation and nitrosylation in proteomic studies, suggesting that its activity can be regulated under stress conditions [42] . In the stages of development of the phytopathogenicoomycete Phytophthora capsici, the protein triphosphate isomerase was upregulated in the presence of the pathogen hyphae [43] .
Photosynthesis-Related Proteins
Photosynthesis is an important metabolic process that broadly contributes to the overall state of cellular energy for redox balance by providing NADPH, ATP, and carbon skeletons that support plant growth. In addition, they stimulate the initiation and maintenance of responses against external stress [44] , which play the key role in host defense, which is one of the main processes affected [45] .
Plants when subjected to some type of stress usually respond with a decrease in the synthesis of cellular proteins and an increase in the specific synthesis of proteins involved in defense mechanisms [46] . This indicates that, during a pathogen attack, biosynthesis of defense-related compounds is a priority for a plant, while other cellular activities are reduced, such as in the case of photosynthesis, until pathogen growth is disrupted [39] [47].
P. infestans is a hemibiotrophic pathogen, the infection of plants by this pathogen involves the transition from an asymptomatic initial biotrophic phase to a necrotrophic state, which is characterized by cell death [13] . In this context, the maintenance of photosynthesis would be advantageous for the development of late blight; therefore, reduction of photosynthesis is beneficial to the host and can be an important part in the defense of the plant, because the reduction of photosynthesis may deprive the pathogen of important nutrients [48] . For BGH-2127, after inoculation with P. infestans, an increase in the relative abundance of most proteins involved in the photosynthetic process was noticed; it was upregulated in ten proteins and downregulated in eight. However, it was American Journal of Plant Sciences noted that approximately 88% of the downregulated proteins (spots 5, 19, 28, 53, 140, 226, and 275) were differentially accumulated in time 2 h after inoculation, which corresponds to the biotrophic infection phase described in a previous study [13] . For the Santa Clara genotype, there existed a balance between the relative abundance levels of the proteins identified at 2 h after inoculation, with 50% of these down-regulated (spots 19, 90, and 96). These results also indicate that photosynthesis is affected differently among the genotypes evaluated during blight infection.
Proteins Related to Stress and Defense
The stress and defense responses of an organism, including, in plants, play an important role during cellular development against pathogen infection [35] .
Among the proteins identified for the genotypes BGH-2127 and Santa Clara, 20.5% and 17.6%, respectively, belong to the stress and defense group. Only the β-1,3 endoglucan glucosidase B (spot 303) protein differentially abundant 48 h after inoculation was found to be common to both the genotypes. However, opposite proteins abundance levels were observed, with values equal to −6.32 for BGH-2127 and +1.70 for Santa Clara, evidencing that this protein is not the major protein involved in the resistance of BGH-2127 and that different defense mechanisms are used by these genotypes.
Another protein that had reduced levels of relative abundance was the protease inhibitor (spot 210), which differentially accumulated at times 0 and 48 h after inoculation. During the infection process, the pathogen produces enzymes that target host cells, which in turn encode proteins with protease inhibitory activity to suppress the enzymatic activity of the pathogen [49] . Due to the reduction of the levels of this protein against the infection of the late blight, it is evident that the protease inhibitor protein is not the main defense mechanism used by the resistant genotype.
Two proteins related to oxidative stress have relative abundance that increased at time 0 after inoculation for BGH-2127, 2-cis peroxiredoxin BAS1 (spots 44 and 213), and 2-cis peroxiredoxin (spot 51). In plants, the attack of pathogens results in the rapid formation of reactive oxygen species, which can degrade proteins [50] . Reactive oxygen species can be eliminated by a network of enzymatic and non-enzymatic antioxidants like peroxiredoxins [51] , which justifies the increase in the relative abundance of these proteins immediately after inoculation. Peroxiredoxins are a part of subfamilies in which the peroxidases are subdivided [52] . When they act in defense of cells against oxidative explosion, peroxidases consume hydrogen peroxide in the cytosol, vacuole, cell wall, and extracellular space. They are also linked to metabolic processes, lignin, and suberine formation, structuring and stretching of the cell wall, and hypersensitivity reactions, making it difficult for the pathogen to invade the plant [9] [53].
The differentially abundant spot 45 after 48 h of inoculation was identified with a protein from the thaumatin-like family. Proteins of this family are in-B. S. Laurindo et al.
volved in the plant defense system against biotic and abiotic stresses [54] , including important functions like resistance to pathogens, cold tolerance, salinity, and resistance to drought [55] . The abundance level of thaumatin was +3.45 times greater as compared to the control treatment, indicating the importance of this protein for resistance of BGH-2127, since the presence of thaumatin-likeprotein has been associated with activity against oomycetes [10] . The proteins of the thaumatin-like family belong to group 5 (PR-5) of proteins related to pathogenesis [10] . Thaumatin's act by inhibiting the growth of hyphae and reduce the germination of spurs, probably by membrane permeabilization and/or by interaction with pathogen receptors [56] . The PR-5 has a strong affinity and hydrolytic activity for 1,3-β-glucan, which extracellularly detect 1,3-β Glucan due to the presence of a kinase domain and owing to a transmembrane potential [10] . The significant ability of thaumatin to degrade 1,3-β-glucan is a strong indication of mechanisms associated with BGH-2127-access resistance, since the cell wall of oomycetes is composed mainly of this polymer [57] . In molecular studies involving the pathosystem Zingiberzerumbetvs Pythium aphaniderm for ZzPR5 protein belonging to the family of thaumatins, it was observed that the constituent amino acids of the protein hydrolyze 1,3-β-glucan, suggesting a potential anti-oomiceto activity [58] . In the specific case of the Phytophthora infestans oomycete, resistance tests on transgenic potatoes elucidated the potential of thaumatin-like protein against the pathogen, as there are no efficient control methods or resistant cultivars. The overexpression of thaumatin-like genes was found to be responsible for the substantial increase in the pathogen resistance [59] . Carboxypeptidase (spot 93) is a proteolytic protein involved in several cellular processes [60] are responsible for protein metabolism and in hydrolyzing peptides acting at the ends of the protein [61] . The observed increase in the relative abundance of this protein may contribute to the retention of BGH-2127, since carboxypeptidases are involved in the regulation of defense against infection by pathogens and oxidative stress [62] .
Spot 84 was identified as the Leucine repeat rich N-terminal domain protein. Most dominant R genes encode proteins of this class, the structure of which is composed of an N-terminal domain, a nucleotide-linked central domain and a leucine-rich C-terminal domain [63] . This protein functions as an intracellular receptor that detects pathogen-affecting proteins, which activates a set of defense responses associated with programmed cell death [64] . Effector-triggered immunity is a rapid response of the plant to the pathogen's attack; therefore, a +1.63-fold increase was noted in the relative abundance of the leucine-rich N-terminal domain protein at 0 h after inoculation. In tomato culture, a leucine-rich protein (CC-NBS-LRR) has been reported to confer resistance to P. infestans [65] .
Proteins Related to Transcription
Two transcript-related proteins were differentially accumulated in BGH-2127. American Journal of Plant Sciences
The protein-splicing factor 3b, subunit 4 (spot 265), was differentially accumulated at times 0 and 48 h after inoculation, both showing upregulation. Splicing is a process that removes the introns and binds the exons after RNA transcription. In this context, splicing factor proteins are important to maintain efficient processing of RNA under stress conditions. Post-transcriptional mechanisms based on splicing regulate the activation of pre-existing molecules to ensure an immediate response to stress [66] . The second protein identified for transcription was peptidyl-prolyl cis-trans isomerase (spot 270) differentially acclimated in 48 h of inoculation. This protein is considered to be a part of the plant's immume system that catalyzes the isomerization of peptide bonds in proline residues to specifically regulate protein conformation changes [67] . Peptil-prolylcis-trans isomerases are known to interact with other biological units to facilitate protein folding, regulate developmental processes, and certain aspects related to stress responses and cell death [68] . There is increasing evidence pointing to functions associated with plant defense against pathogens exerted by proteins members of the peptidyl-prolyl-cis-trans isomerase family [69] .
Protein-Protein Interaction Network
Proteins do not act as individual units in cells, but rather in conjunction with other proteins to form certain networks of interactions [35] . To determine how the late blight interacts with tomato proteins and affects cellular functions, the differentially accumulated proteins were analyzed through protein-protein interaction networks. The different interactions that occur among proteins are at the core of cell processing, and their systematic characterization helps to contextualize these proteins in the biological molecular system [28] . This fact can be verified in the Santa Clara genotype for proteins related to the photosynthetic process as well as between metabolic and energy proteins. In the protein interaction network of BGH-2127, interactions occurred among proteins related to the photosynthetic process and also between energy proteins and metabolism. Another interaction network occurred between the protein N-terminal domain rich in leucine repetition (spot 84) with the protein ribulose 3-phosphate epimerase (spot 53), which in turn interacted with ribulosebiphosphate carboxylase small chain proteins (spot 5) and ribolosyphosphate carboxylase small chain 3B (spot 275). The interactions of the ribulose 3-phosphette epimerase (spot 53) protein with distinct functional groups are of great interest since, in general, each "protein community" represents a distinct cellular process. Thus a protein that is a member of more than one "community" participates in several processes and can be considered to be one of the connections among them [70] . The connectivity of proteins observed in this biological network indicates the occurrence of important physiological changes in the functional regulation of the cellular mechanisms involved in the resistance of BGH-2127 to late blight.
Conclusion
an important role in the BGH-2127-access defense mechanism against resistant to tomato late blight.
